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F.A.C.A. STALL-WARNING INDICATOR:

By F. L. Thompson
SULMARY

The stall-warning indiéator employs 4 total;head
tuﬁe located close to'the wing surface in a region
wherein local stalling occurs before the main portion
of the wing stalls. The artificial production of a
localized stalled reglon is accomplisked by means of a
sharp leading edge extending a few inches along the
span. An abrupt drop in the total pressuré relati&e
to a static reference taken at some convenient poinf
occurs at the stall in this region. This drop In to-
tal pressure causes the contraction of a pressure cell
to which the total-head tube and the static orifice
are conanected and closes an electrical circuit that

actuates a warning signal.
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INTRODUCTION : «

With some airplanes the approach to the stall is ac~
companled by changes in the behavior, stch as tail buffet-
ing or changes in the contirol characteristics of the ailr-
plane so that the pilot obtains a warning of the impending
stall. Wilth other airplanes it is possible to approach
the stall without any perceptible warning other than the
reading of the alr-spesd meter, in which case the danger
cf inadverient stalling is consideradbly greater. Although
it ig not within the scope of this paper to discuss stall-
ing characteristics, it is desired to point out that in
goeneral the danger of inadvertent stalling is greatest
with those airplanes that behave worse when the stalling
occurs; that is, with airplanes in which the stall starts
at the wing tips. A warning of the impending stall is de-
slrable in any case, but is partlcularly desirable with
airplanes of the latter type.

When there is nothing in the behavior or control
characteristics of the airplane that indicates the impend- L
ing stall, great dependenco must be placed on the air-specd
meter. Unfortunately, however, the stalling speed variles
with wing loading and the air~speed meter therefore is not -
a reliable stall indicator. When the load changes or the
airplane undergoes acceleration, as, for example, in turns,
the stalling speed increases in proportion to the square
root of the load facto?

v Vfioad factor

stall = vmin

In horizontal turns the load factor is directly relaoted -
to the angle of bank

1

cos angle'of'bank

Load factor =
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g0 that for horizontal turns

1
Vstall = Vmin / -
cos angle of bank

The load factor and the ratio of Vgyga31 to Vpsp in
turns are plotted in figure 1 to show how these gquantities
vary with angle of bank, Ths curve of stalling spesed 1is
an ideal one that Aoes not take into account the influence
of errors in the alr-speed meter reading. In general,.
such errors will further complicate the situation because
calibrations made in steady flight will not apply in ac-
celerated flight unless the correction for position error
cf the air-speed head is negligible. If an instrument is
to be used to give a warning of the stall, therefore, it
appears desirable that 1its functioning should be dependent
on angle of attack rather than air speed. Furthermore, it
seems desirable in order to avoid the necsessity for watch-
ing the instrument contianuocusly that it be arranged to
give a warning s8ignal wher a safe limit has been reached.

STALL-WARNING DEVICE

A stall-wafning device developed by the National
Advisory Committee for Aeronautics 1s shown diagrammati-
cally in figure 2, It makes use of a modified type of
pitot-static heoad set close to the wing surface in a re-
gion wherein stalling occurs (or 1s made to occur) at an
angle of attack considerably below that at which the main
portion of the wing stalls, This head is connected to a
pressure cell fitted with electrical contacts and for ob-
servations during tests it may also be connscted to &
conventional air-speed meter, When the air flow in the
region in which the head is located breaks away from the
wing surface, that 1s to say, when local stallling occurs,
the pressurce indicatel by the head drops sharply %o zero,
When this occurs the oclectrical contsacts close a circuit
that operates a warning signal, The signal as used in
flight tests of this device was a horn such as that used
with retractable landing gears, but of course any sulteble
type of warning may be used.
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In certain cases it may be known as the result of
air-flow surveys with silk tufts or other means that
thore ig a rogilon whereln local stalling occurs suffi-
ciontly before the stall of the main portion of the wing
so that the rartificial production of such a region is
unnecessary, The more general case, howover, is cone in
which it is necessary to produce such a region artifi-
cially. The regquirements of the arrangement wsed in such
cases are that it should produce local stalling early
enough so as to provide ample warning of the complets
8tall and that 1% should not adversely affect the aercdy-
namic characteristics of the airplane, It appeared that
the most suitable means for accomplishing this result was
the use of a sharp leading edge over a small portion of
the wing span. Flight experlments therofore, were made
with such an arrangement.

The head used in the experiments with different nose
pieces is shown in figure 3, Table I shows the varlous
arrangements of. sharp edgs and head that were tested and
figure 4 shows photographs of combination H, For the
tests the contacting device was set to operate whon the
local air spoed as indicated by the stall-warning device
dropped below 70 nmiles per hour., As will be shown later,
thisg setting was appreciably below what would normally be
the local velocity over the curved portion of the leading
edge of the wing at the minlmum speed of the alrplane on
which the tests were made., A4 considerable variation of
this setting, however, would not have altered the results
appreciadbly.

FLIGHT TESTS AND RESULTS

The airplane used in the tests was & Fairchilda 22
fittoed with a wing of rcctangular plan form, having a
chord of 66 inches and an ¥-22 soction, This wing was
egquipped with full-span Zap flaps. Tho head of the stall-
warning device was nlaced outboard from the center a dis-
tance equal to abcut two-thirds the somispan where early
2talling 4id not normally occur., Throughout the tests
an air-speed moter was connected in the line of the stall-
warning device so as to obtain more cowplete information
concerning tne functioning of the device than could be ob-
tained by use of the warning signal alone,

The flight tests of different arrengements werc made
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in order teo -determine.one that was unobtrusive and at the
same time would giwve sufficient warning.in straight flight
and-in turans, -For the small..light airplane on which the
tests were mede, it was decided arbitrarily that a satis-
factory warning coansisted of one given.at.roughly 10 to 15
miles per hour above the stalling speed for any particular
condition; that is, it was considered that this warning
should be given with power on, power off, flaps up, or
flaps down, Exact measurements of airplano speed’ were not
made, the only readings beinz those observed by the pilod
on the meter with which the airplane was regularly equipped
and which was known to read considerably lower than the ac-
tual speed of the airplare at the lower end of the speecd.
range., The extra effort ianvolved in obtalning exact meas-
urements seemed unwarranted since the results would have
no more geéneral application to other airplanes of differ-
ent form than would approximate readings that are gquali-
tatlvely accurate. The results for the complete series
of tests, therefore, as presentsd in table I.arec shown in
qualitative form; that is, whether the arrangement is-con-
'sidered to be satisfactory or unsatisfactory, with some .
additional- remarks pertalnlng to certaln arrangements -
Before a comparison 1s made of the results obtained
with different arrangements, 1t seems advisable to de-
scribe the general characteristics of the behavior of the
device by reference to figure 5, This figure shows the
~ readings of ‘the meter connected to the stall-warning head
plotted agalinst the realdings of the alr-speed meter of
the airplane with arrangemont F and alsq with the sharp
edge: removed. The resultsshown in this flgure for arrange-
mont ¥ are typical of arrangements considered to be 'satis-
fattory. It will 'be noted thaet whrereas. the reading of the
air-speed meter of the airplane at minimum speed is 42 -
miles per hour, the warning is obtained at about 59 miles
per hour, the spesd at whici: the ‘local veloclity falls be-
Tow 70 miles per hour. Without the sharp edge the local
velocity over the leading edge of the wing does not fall
below 90 miles per hour It may also be noted that, al-
tHough the device was set to warn when the local velocity
reached 70 miles per hour, a change of setting of several
miles per hour in either direction would not have greatly
altered the airplane speed at which the warning occurred.
In other words, the adjustment of the contacting device
was-not-critical One other poiit of practical interest
brought out by figure 5 is that in the normal flight range
the local wvelocity ls considerably greater than the air
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speed of the airplane, so that the pressure unit used in
the contacting device must be rugged enough %o withstand
pPresgures much larger than the dynamic pressure corre-
spording to the maximum speed of the airplane relative
to undisturtbed air. ' .

It appears from a study of the results given 1n ta-
ble I that the functioning of the stall-warnlng device
1s adjustable through a considerable range by means of
alterations of the shape and size of the sharp edge and
of the nose of the head, It appears to be very important
that the dynamic opening of the head be close to the wing
surface in order to avoid the necessity for a large, sharp
edge, With the dynamic opening above the wing surface
about one-half inch as it was with the original nose
plece, satisfactory results were obtained only with the
large, sharp edges of arrangements A and B, With the dy-
namic opening brought down close to the surface, satis-
factory results were obtained with the sharp edge reduced
to a length of 6 Inches in a spanwise direction and an
extension of‘11/16 inch in a éhordwise direction (&rrange-
ments F and H). 4 further reduction in size might have
been possible but appeared to be unnecessary in view of
the apparent lnsignificance of the alteration of the wing
contour,

APPLICATIOR OF STALL-WARNING DEVICE

In general, the stall-warning device will requirse
two heads installed on the airplane, onse near each wing
tip. With such an arrengement the asymmetry of the an-
gle-of-attack distribution 1n banking, which amounts to
something of the order of 59 or 69, will be taken care
of, Another advantage of placlng the device at the tip
is that it can be placed beyond the edge that 1s covered
by the rubber overshoes that are commonly used for de-
lcers, The sharp edge probably will be required in gen-
eral, but at least one example is known wherein the ex-
treme tip portion of the wing wag shown by gilk tufts to
stall well before there was any loss of lateral control
‘or appreciable disturbance of the total 1ift. In such a
case apparently it would be possible to mount the head
within the region that was observed to be stalled and
dispense with any artificial means of stall production,
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The size of the sharp edge reguired on a larger wing
than that used in the tests reported herein 1s open %o
questlon. A geometrically similar but scaled-up arrange-
ment probably would be satisfactory, but it seems possible
that a relatively smaller sharp edge might be. satisfactory.
The important point to keep in mind appears to.be that, as
indicated by the present tests, the dynamic opening should
be placed close to the surface and close to the sharp edge,
It is interesting to note that on highly tapsred wings,
even on very large airplanes, the tip sections would not
be materizlly larger than the section of the rectangular
wing on which the tests were made,.

The behavior of the stali-warning device under icing
conditions is unknown, In designing the head, provision
was made for heatiug it electrically asg 1s common practice
with air-speed heads, as proper functioning of the device
would demand that it be kept free from ice formation., If
it 4id become clogged with ice, 1% would presumadbly give
a warning signal as though the wing were stalled at all
times, The influenée of ice on the sharp edge in front
of $the head might or might not impalr the funcitioning of
the device, It is possible that the ice would cause the
head to indicate a stall a2t & somewhat lower angle of at-
tack than customary. In this case the effect might be de~
girable since ice adhering to the main portion of the wing
probably would cause the complete wing %o stall earlier
than usual,

It is of interest to note a particular application
that the device might nave to highly maneuverablse pursuitf
or fighter airplanes, Several such airplanes are so sasi-
1y stalled without warning in violent maneuvers that such
stalling is offten inadvertent, It may ocecur in dive pull-
outs, sharp turns, loops, or other maneocuvers at spceds
ranging from the minimum specd ln level flight to about
two~ and one-half timcs this minimum spoed, depending upon
the acceleration lmposed, ihen the stall occurs the air-
plane rolls more or less violently, depending on how the
stall develops and the stability characteristics of the
airplane, In fact, the mancuverablility of the airplane
may be seriously limited by this characteristic, It would
appear that the stall-warning device would be very useful
in such cases and 1t appears desirable that an installa-
tion be made on an airplane of this class for flight trials,
It wounld be very important in such an installetion that
the moving parts of the contacting device or other moving
parts be unaffected by the high acceleration,
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In conclusion, it is desired to point out that the
application of the principles involved in the stall-warn-
ing device is subject to a wide variation as regards the
congtructlional details, The head used in the flight tests
wag built around a cylindrical heating element of the type
that has been uged in certalin electrically heated pitot
tubes, A neater installation of the head is undoubtedly
pPossible in view of the fact that the only part that nsed
be exposed to the air stream is the dynamlc opening. The
static reference pressure could be obtained from an ori-
fico.set flush with the wing surface or possibly the in-
ternal wing presgsurs or cabin presgssure could be used as a
satisfactory reference pressure, It seems undesirable to
uge the air-speed static as a reference becauge such a
connection would make the warning device dependent on the
proper functioning of the air-gspeed line, It is neces-
sary, however, with whatever cype of head used, to provide
suitable draing and a heating element to prevent rain and
ice from interfering with the functioning of the device,
These reguirements will, in a large measure, determinec the
design of the head, ' ) T

Langley Memorial Aeronauitical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., February 10, 1938.
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Figure 4.- Stell-warning device instziled on wing
¢f Fairchild 22 airplsane.

Fieg.4



W.A.C.A. Technical Note ¥o. 670 Fig.5

' Without sharp +
eige. \t?/ O
”
+
100 t
o g ith sherp edge
o //* (arr&ngement ag)
g <
ﬁ.
0]
Q
g 80 Warning 1/
(o]
0 rangs
'g Warning -
3 speed 1
bp
4
g 60 =
zs T
2
1 o
= o
d | /
w Pl
—
B 40 3
&g « T
=]
o
3
@
m /
) /
0 . 20 40 60 80 100

Airspeed meter reading, m.p.h.

Figure 5.~ Characteristics of stall-warning
device for typical case.



